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First page after the cover: The last three lines of the "Abstract" (item 16 in the stan- 
dard title page) should be replaced by the following: 

"terms of dynamic pressure and downwash factor, and there was a favorable 
sidewash effect." 

Page 1: The last three lines of the "Summary" should be replaced by the following: 

"and downwash factor, and there was a favorable sidewash effect.” 

Page 14: The last five lines should be replaced by the following: 

"These data show a favorable sidewash at the tail and show that the sidewash 
was more favorable when the flap was deflected." 

Page 15: The fifth result should be replaced by the following: 

"5. There was a favorable sidewash at the tail, and the sidewash was more 
favorable when the flap was deflected." 
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WIND-TUNNEL INVESTIGATION 
OF A V/STOL TRANSPORT MODEL WITH 
SIX WING-MOUNTED LIFT FANS 

By William A. Newsom, Jr., and Frederick L. Moore 
Langley Research Center 

SUMMARY 

Static force tests of a model of a transport-type V/STOL aircraft with six lift fans 
mounted spanwise in the wing have been made in the Langley full-scale tunnel. The inves- 
tigation was made for a range of angles of attack and sideslip through the transition speed 
range. Power conditions included accelerating and decelerating as well as drag-trimmed 
flight. The model had an increase in lift with increasing airspeed in the transition speed 
range. This increase in lift was caused mainly by the normal increase in wing lift with 
increasing speed, but there was also some additional lift induced on the wing by the oper- 
ation of the fans. In general, the model showed static longitudinal, lateral, and directional 
stability for most of the test conditions. The flow conditions at the tail for the powered- 
lift condition were similar to those of conventional airplanes in terms of dynamic pressure 
and downwash factor, feat there was a l i i il l i il l 11 ulim i hi sidewash effect. This- adv-ersc - 
sidcwa c hwa s com pens at e d to -a-conside r a blc extent, however, by th e b asic - stability of'the 
mod e l,— which wa s abou t-neutra l - ly - stablc , - rather than unstable , with tlie~veitical tail off : 

INTRODUCTION 

Lift-fan configurations are of considerable interest for possible application to future 
V/STOL operations. Large-scale wind-tunnel tests of a number of different configurations 
have been made at the NASA Ames Research Center to determine static aerodynamic, sta- 
bility, and control characteristics, and the results of some of these investigations have 
been published in references 1 and 2. The NASA Langley Research Center is extending 
this research to determine the dynamic stability and control characteristics of a similar 
series of configurations. The Langley models are based on some later design studies 
than those used for the Ames models and are consequently not exact small-scale models 
of the large-scale Ames models, although the general configurations are the same. 


As a preliminary step in such dynamic stability investigations, the static stability 
characteristics of the models are usually determined in conventional static wind-tunnel 
tests. Since these static aerodynamic data are of value in themselves and show the 
effects of some variables not covered in the Ames tests, the data from the first series 
of such tests are presented herein to expedite their dissemination. 

The configuration discussed herein has six lift fans arranged spanwise in a rela- 
tively straight wing. Test conditions covered the transition speed range and a range of 
values of fan exit-vane deflection, angle of attack, and angle of sideslip. The exit-vane 
deflections and tip-speed ratios included those for accelerating and decelerating transi- 
tion conditions as well as those for drag-trimmed level flight. The tests were made in 
the Langley full-scale tunnel but were of fairly small scale because of the small size of 
the dynamic models. 


SYMBOLS 


All longitudinal forces and moments are referred to the stability- axis system, 
lateral forces and moments are referred to the body-axis system. 

. .. h2 


and 


h 2 

aspect ratio, —— 

S w 

wing span, ft (m) 

effective span factor, — ^ ec ^ e s P an 

b 

F n 

drag coefficient, - _ - 
qS w 

F L 

lift coefficient, — — 

qSw 

M x 

rolling- moment coefficient, ■ A 

QH\yb 

M y 

pitching-moment coefficient, 

q%c 

8C m 

horizontal-tail effectiveness, -■■■ 

d h 

m 7 

yawing-moment coefficient, — — — 

qS^yb 
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side-force coefficient, 


effective-dihedral parameter, 


for j3 = ±5°, per deg 


o 

directional-stability parameter, - - for /3 = ±5 , per deg 

change in directional stability due to presence of vertical tail 


change in yawing moment due to vertical-tail deflection 

AC-y n 

lateral-stability parameter, — — for /3 = ±5 , per deg 


local wing chord, ft (m) 


mean aerodynamic chord, ft (m) 


span efficiency factor 


drag, lb (N) 


lift, lb (N) 


side force, lb (N) 


height of horizontal tail, ft (m) 


horizontal-tail incidence, deg 


rolling moment, ft-lb (N-m) 


pitching moment, ft-lb (N-m) 


yawing moment, ft-lb (N-m) 

free- stream dynamic pressure, A-pV 2 , lb/ft 2 (N/m2) 
dynamic pressure at the tail, lb/ft 2 (N/m 2 ) 
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fan radius, ft (m) 


horizontal-tail area, ft 2 (m2) 
vertical-tail area, ft^ (m2) 
wing area, ft2 (m2) 
lift-fan thrust, lb (N) 
static lift-fan thrust, lb (N) 
vertical component of T, lb (N) 
free-stream tunnel velocity, ft/sec (m/sec) 
fan exit velocity, ft/sec (m/sec) 

angle of attack measured between free stream and center line of fuselage, deg 

angle of sideslip measured between free stream and center line of fuselage, 
deg 

fan exit-vane deflection (measured rearward from fan axis), deg 

flap deflection, deg 

vertical-tail deflection, deg 

downwash angle, deg 

tip-speed ratio, 

air density, slugs/ft 3 (kg/m 3) 

sidewash angle, deg 


fan rotational speed, rad/sec 


downwash factor 


1 - 


de 

da 


j _ 

1 - — sidewash factor 

d/3 


MODEL 

Photographs of the model used in the investigation are shown as figure 1, and a 
three-view drawing of the model is shown in figure 2. A list of the geometric character- 
istics of the model is presented in table I. The six lift fans mounted in the wing were 
powered by turbine blades fixed around the circumference of the rotor and driven by com- 
pressed air. Each fan (the direction of rotation is indicated in fig. 2) was provided with 
a set of vanes mounted across the fan exits as shown in figure 3. These exit vanes were 
used to redirect the fan slipstream for propulsion through the transition speed range. 

The wing had a full-span single-slotted flap, illustrated in figure 3, which was adjustable 
to deflection angles of 0°, 40°, and 60°. Vertical tails of two sizes and horizontal tails of 
two sizes were provided, as indicated in figure 2. Three horizontal-tail mounting heights 
were used. 

The pressure-survey rakes used in some of the tests were composed of 68 tubes 
per fan and were mounted beneath the three fans in the right wing. The tubes were placed 
in the spaces between the fan exit vanes and were distributed evenly over the entire fan 
area so that an integration of the fan slipstream could be obtained. The rakes were con- 
structed so that they could be moved and tilted as the fan exit vanes were deflected. With 
this feature it was possible to keep the survey tubes alined with the flow and in the same 
relative part of the slipstream as the fan exit vanes were deflected. 

TESTS 

The investigation was made in the Langley full-scale tunnel. The forces and 
moments were measured on an internally mounted strain- gage balance. Power-on tests 
were run at certain nominal values of fan tip-speed ratio p, as indicated by tachometers 
measuring the rotational speed of the model fans and the wind-tunnel drive motors. The 
actual values of p for each test were later calculated for the presentation of the data 
from the value of free-stream dynamic pressure measured during the tests. Maximum 
free-stream velocity during the tests was approximately 73 ft/sec (22.2 m/sec), which 
corresponds to a Reynolds number of about 900 000 based on c. Because of the small 
size of the model in relation to the size of the tunnel test chamber, no corrections to the 
data were necessary to account for tunnel effects. 
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Fan Thrust 


The power-on tests of the model were made at a constant fan speed of 6000 rpm. 

In order to determine the fan thrust characteristics over the range of model operating 
conditions, survey rakes were mounted under the fans in the right wing to obtain mea- 
surements of fan slipstream dynamic pressure for a range of tip-speed ratio p from 
0.10 to 0.29 at exit-vane deflections /3 V from 0° to 45°. The tests were made at angles 
of attack from -10° to 20° with the flap deflected as well as undeflected. 

Clean Configuration 

In order to limit the number of variables in the transition tests, preliminary tests 
were made with the model in the clean (fans covered) configuration. These tests were 
used to determine which tail configuration might be most acceptable from considerations 
of static stability for the conventional flight mode. The tests covered various combina- 
tions of tail size, horizontal-tail position, and flap deflection. 

Transition Configuration 

Longitudin al aerodynamic characteristics.- Tests were made for a range of angles 
of attack from -10° to 25° for nominal tip-speed ratios of 0.10 to 0.31 with fan exit-vane 
deflections of 0° to 45° to determine the lift, drag, and static longitudinal stability char- 
acteristics. Tests of the model with the tail on- were made to determine the effects of 
flap deflection and horizontal-tail size on the longitudinal stability characteristics. Tests 
of the model with the tail off were made for flap deflections of 0° and 40° over the com- 
plete test range to provide data for analysis. Horizontal-tail incidence in the tail-on 
tests was set to give approximately zero tail lift, as indicated by comparison of the 
pitching moments with those determined in the tail- off tests. A limited number of tests 
were made over a range of horizontal-tail incidence angles from 0° to 20° to obtain data 
for determination of the downwash and dynamic- pressure characteristics in the vicinity 
of the horizontal tail. 

Lateral-di rectional stability characteristics.- Tests were made at /3 = ±5° over 
an angle-of-attack range of -10° to 25° to determine the static lateral-directional sta- 
bility characteristics of the model. The free-stream tunnel velocity was selected to give 
model conditions of drag trimmed, Fj^Fj^ = -0.15, or Fjy , Fj j =0.15 at a = 0° or 
drag trimmed at 0=10° at the various values of py. Tests were made to determine 
the effect of flap deflection and tail size on the lateral-directional stability characteris- 
tics. Tests with flaps deflected and undeflected were also made with the tail off. A 
limited number of tests were made to determine the linearity of the lateral characteris- 
tics with sideslip angle. These tests were made for a range of sideslip angles from -20° 
to 20°, with drag trimmed, at both a = 0° and a = 10°. To obtain data for analysis of 
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the sidewash at the tail, a limited number of tests were made in which the deflection angle 
of the vertical tail was varied from -20° to 20°. 

RESULTS 

All forces and moments are referred to the assumed center-of-gravity location 
(0.384c) shown in figure 2. This center of gravity is located at the center of thrust of 
the fans for the hovering condition. An index to the data figures is given in table n. 

Fan Characteristics 

Measurements of the fan thrust obtained by pressure-survey rakes mounted under 
the fans in the right wing are presented in figures 4 to 6. The data of figure 4 show the 
static thrust of the fans for fan exit-vane deflections from 0° to 45°. This thrust was 
measured in the fan efflux with the survey tubes alined with the fan exit vanes and is not 
the fan lift component. To determine the accuracy of the thrust measured in these sur- 
veys, the data for /3 V = 0° and zero airspeed were compared with the lift of the complete 
model as measured by a strain- gage balance. These two measurements agreed within 
2 percent. The data of figure 4 show that the outboard fan experiences a significant reduc- 
tion in thrust as the vanes are deflected, but the other two fans do not show this trend. In 
general, the inboard fan seems to produce slightly less thrust than the middle or outboard 
fan for the normal hovering (/3 V = 0°) condition. It is not known whether these results 
indicate a characteristic of the fan position or of the individual fan, but all three fans 
were running at the same speed. 

The data of figures 5 and 6 show the variation of fan thrust for a range of tip-speed 
ratio from 0 to 0.29 for values of /3 y from 0° to 45°. Except for a slight increase in 
thrust at the lowest forward speeds, probably due to a smoother fan inflow, the fans show 
the usual steady loss of thrust with increasing forward speed that has been indicated by 
the data for the large-scale model of reference 2. The variation of thrust in figure 6 
(flaps deflected) is essentially no different from that in figure 5 (flaps undeflected). 

All the subsequent power-on data presented are shown in terms of the lift-fan tip- 
speed ratio pt, but the relationship between the tip-speed ratio and the ratio of free- 
stream velocity to fan exit velocity is presented in figure 7 so that the data may also be 
analyzed in terms of y/Vj . 


Clean Configuration 

The results of the tests made to determine an acceptable tail configuration are pre- 
sented in figures 8 to 12. These figures show the basic stability of the model with the 
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fans inoperative and covered, and thus with no fan flow to affect the aerodynamic charac- 
teristics of the model. 

Longitu dinal stability characteristics.- Figure 8 shows that with the tail at 
h/c = 0.216 the model was longitudinally unstable, but with h/c = 0.904, the model 
had a static margin of about 8 percent of the mean aerodynamic chord. These data also 
indicate that the horizontal-tail position at h/c = 0.525 gives essentially the same degree 
of longitudinal stability as h/c = 0.904 at lower angles of attack and does not exhibit the 
pitch-up associated with h/c = 0.904 at higher angles. The data of figure 9, however, 
show that with the flaps deflected the configuration with h/c = 0.525 exhibits pitch-up 
at high angles of attack and also decided longitudinal instability at negative angles of 
attack. (These negative angles of attack correspond to lift coefficients up to about 1.3.) 

The configuration with h/c = 0.904 also exhibited the pitch-up characteristic at high 
angles of attack, but it was not unstable at low angles of attack. The data of figure 10 
show that static longitudinal stability was obtainable even with the low-mounted tail by 
increasing the tail area, but a 60-percent increase in area was needed to give the same 
static margin as h/c = 0.904. 

On the basis of the foregoing characteristics, none of the horizontal-tail positions 
was entirely favorable. The positions at h/c = 0.216 and h/c = 0.525 were considered 
unacceptable, however, on the basis of the static longitudinal instability at low angles of 
attack; therefore the position at h/c = 0.904 was selected for the power-on tests. 

Lateral- directi onal sta bili ty characteristics.- Figure 11 shows the effect of changing 
the vertical-tail size on the static lateral-directional stability of the model. The data 
show that the model was statically stable with both = 0.15 and S^/S^ = 0.25. 

Deflecting the flap, as shown by the data of figure 12, had a small effect on the static 
lateral-directional stability characteristics of the model. On the basis of these results, 
it was decided that the small vertical tail should be used, and most of the power-on tests 
were made with that tail. 


Transition Configuration 

Longitudinal aerodyna mic cha racteristics.- The data from the longitudinal tests for 
the transition configuration are presented in figures 13 to 21. Detailed inspection of these 
figures shows some discrepancies in the levels of Cl, Cq, and C m for nominally 
similar conditions or closely comparable conditions. This situation results from small 
inaccuracies in setting airspeed (or p) and vane angle j3 v . Small changes in /3 y cause 
large changes in Cp> and small differences in p cause large changes in all three aero- 
dynamic coefficients Cl, Cp, and C m , particularly at low values of p. The accuracy 
with which p was set is indicated by the scatter in the actual values for a given nominal 
condition shown in figures 13 to 19, and could be set only to an accuracy of about ±1°. 
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The inaccuracies in setting the values of ji and j3 v change the absolute values of Cl, 
Cjj, and C m significantly but do not cause important changes in the variations of these 
coefficients with a, ij, and p, on which the analysis of stability and control characteris- 
tics is based. 

Figures 13 to 16 present the results of tests made with the tail off to determine the 
longitudinal aerodynamic characteristics for various fan exit-vane deflection angles over 
a range of tip- speed ratios. Figure 13 (flap undeflected) and figure 14 (flap deflected) 
show the data as a function of angle of attack. Figures 15 (flap undeflected) and 16 (flap 
deflected) present the longitudinal aerodynamic characteristics as a function of the tip- 
speed ratio for a = 0°. These data cover a larger range of tip-speed ratio than those of 
figures 13 and 14. 

The results presented in figures 17 to 21 show the longitudinal aerodynamic charac- 
teristics of the model with the tail on. The tests of figure 17 (flap undeflected) and fig- 
ure 18 (flap deflected) were made with the large horizontal and vertical tails, and the tests 
of figure 19 were made with the flap deflected and the small horizontal and vertical tails. 
Since these data cover a wide range of vane angles and tip-speed ratios, they are useful 
for examining stability for a wide range of accelerating and decelerating conditions. No 
effort was made to determine the optimum tail incidence for each test condition; but, as 
pointed out previously, for each value of /3 V the tail incidence was set to give approxi- 
mately zero tail lift at the condition of drag trimmed for zero angle of attack to try to 
avoid tail stall and its effects on longitudinal stability. These data show that the model 
was generally longitudinally stable except at the lowest nominal value of tip- speed ratio 

(li = 0 . 10 ). 

The stability of the model for conditions of drag trimmed (at a = 0°) and the effec- 
tiveness of the horizontal tail in trimming the model are shown in figures 20 (flap unde- 
flected) and 21 (flap deflected). Both sets of data were obtained with the model with the 
small tails. 

Lateral-direct ional stability characteristics .- Figures 22 and 23 present the results 
of the tests made with the tails off to determine the static lateral-directional stability 
characteristics at each fan exit- vane deflection angle through the transition speed range. 
These data are for drag trimmed at a = 0°. 

The results presented in figures 24 to 31 show the lateral-directional stability and 
trim characteristics of the model with the tail on. The tests of figures 24 (flap unde- 
flected) and 25 (flap deflected) were made with the large horizontal tail = 0.30) 

mounted at h/c = 0.904 and the large vertical tail (Sy/S^y = 0.25). Data are presented 
for accelerating and decelerating power conditions as well as drag-trimmed flight. In 
general, the model was laterally stable over the complete angle -of -attack range tested 
for all power conditions with the flap undeflected or deflected. Figure 26 when compared 
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with figure 25, shows the effect of a reduction in tail size on the lateral-directional char- 
acteristics of the model. The tests of figure 26 were made with the small horizontal tail 
(S h /Sw = 0.25) mounted at h/c = 0.904 on the small vertical tail (s V/ /S\^ = 0.15). Data 
are presented for accelerating and decelerating power conditions as well as drag-trimmed 
flight. As was expected, there was a decrease in the directional stability for all the tests 
of figure 26, but the directional stability of the model with the small vertical tail is of a 
level that has proved generally satisfactory in the past. 

The results of tests made to show the linearity of the lateral data are presented in 
figures 27, 28, and 29. These data obtained with drag trimmed at a = 0° and at a = 10° 
show the variation of rolling moment, yawing moment, and side force with sideslip angle 
for various values of |3 V through the transition speed range and show reasonably linear 
variations of these quantities with fi. 

The data of figures 30 and 31 are from tests made with drag trimmed to provide 
basic data for analysis of the sidewash and dynamic pressure at the tail. The horizontal 
tail was mounted with it = 0° for all tail-on tests of figures 30 and 31. 

ANALYSIS OF DATA 

The results of the present tests of a small-scale model are compared in several 
respects with the results presented in reference 2 for a large-scale model with six fans 
mounted in the wing. The geometry of the two models differed in many respects, since 
the configurations represented different designs; therefore the results would not be 
expected to compare exactly but might be expected to show the same trends. The models 
differed particularly in aspect ratio, wing sweep, fan location, airfoil section, and flap size. 
A sketch is presented in figure 32 to show a comparison of some of the pertinent planform 
characteristics with the wings normalized to the same wing span and same sweepback of 
the fan center lines by adjusting the sweep of the model of reference 2. The configuration 
of reference 2 chosen as being most comparable is that with the fans in the forward loca- 
tions. The characteristics that are apparent from this geometric comparison are (1) the 
fans of the two models have the same diameter in percent of the wing span, and (2) the 
model of reference 2, which has a lower aspect ratio, has most of the additional wing area 
ahead of the fans where they can induce lift on the area. Another factor, which is not 
indicated in the sketch, is that the present small-scale model has a larger flap, the flap 
chord being 30 percent of the wing chord as compared with 18 percent for the model of 
reference 2. 


Lift and Drag Characteristics 

Figure 33 shows the variation of lift and drag through the transition speed range 
for the small-scale model of this investigation and the large-scale model of reference 2. 
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Most of the data are for £ v = 0°, but data are also presented to show the change for a 
drag-trimmed condition of the small-scale model. Three pertinent results are seen in 
figure 33. First, all the data show an increase in lift with increasing forward speed, as 
might be expected, with the value of the lift reaching approximately twice the fan thrust. 
Second, when the fan exit vanes are deflected rearward to trim the model in drag, there 
is a substantial loss in lift at the higher vane angles required for the higher forward 
speeds. And third, the present small-scale model had a higher ratio of lift to static 
thrust in the transition speed range than did the large-scale model. The higher lift for 
the smaller model probably resulted mainly from the fact that the thrust of the fans on 
the small-scale model did not decrease as much with increase in forward speed factor 
V/Vj as did the thrust of the fans on the large-scale model. A comparison of the fan 
thrust characteristics of the two models is shown in figure 34. The fan- thrust ratio 
T/T s of the present small-scale model is greater than that of the large-scale model 
over all the speed range. This difference in fan thrust would account for most of the 
difference in lift shown in figure 33. The fact that the thrust of the small-scale fans 
increases with speed in the low velocity range probably indicates that they are not prop- 
erly designed for static thrust and that a small amount of forward speed improves their 
operation. The surveys of fan exit velocity indicated that forward speed probably elimi- 
nated a stalled flow condition at the roots of the fan blades . 

A lift analysis for the small-scale model in terms of fan thrust, power-off lift, and 
measured total lift is presented in figures 35 and 36 as a function of the ratio of free- 
stream to fan exit velocity for the configurations with flaps undeflected and deflected. 

The data of figure 35, which are for an untrimmed condition of /3 V = 0°, show the induced 
lift as the difference between the measured total lift and the curve constructed from the 
sum of the power-off lift and the pure fan-thrust lift. At V/Vj = 0.3, for example, the 
induced lift ratio is about 0.30 times fan thrust for the configuration with flaps undeflected. 
The data of figure 36 are similar to those of figure 35 except that figure 36 is for drag- 
trimmed test conditions. This figure shows that when Sf = 0° the induced lift actually 
achieved in this condition of steady level flight is, in general, considerably lower than that 
for the untrimmed (j3 v = 0°) conditions. 

Another aspect of figures 35 and 36 is that the induced lift with flaps deflected is 
very low compared to that with flaps undeflected. The loss might be caused by a loss in 
flap effectiveness when the fans are running. The result is similar to that found during 
the tests of reference 2 and was attributed to blockage of the flap by the fan exhaust and 
preturning of the flow above the flap by the fan. 

A comparison of the additional wing lift induced by the operation of the fans for the 
present model and the large-scale model is shown in figure 37. The induced lift is gen- 
erally less for the present model, probably because it has only about 60 percent as much 
area ahead of the fans (fig. 32), where they can induce lift, as the model of reference 2. 
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Figure 38 shows how efficiently the present six-fan configuration produces lift in 
the transition speed range. This figure shows the variation with speed of the thrust 
required for drag-trimmed level flight over the transition speed range. The experimen- 
tal data are compared with the thrust required as calculated from the momentum consid- 
erations outlined in reference 3. Two calculated curves are shown - one for an effective 
span equal to the wing span, which is something of an ideal condition, and one for an effec- 
tive span equal to 0.70b, which corresponds to a value of e = 0.50 in the usual induced- 

Ct ^ 

drag equation Cp^ = — ^ . The data show that the effective span of the present model is 

slightly less than 0.70b, which is low compared with that of the system described in refer- 
ence 4, where the effective span was approximately equal to the geometric span. A pos- 
sible reason for this result in terms of the type of span loading is discussed in refer- 
ences 5 and 6. 

The lift and drag characteristics of the configuration also determine to a considera- 
ble extent the technique that would be required to achieve the transition from lift-fan- 
supported flight to completely wing- supported flight. As shown in figure 21(d), the model 
would have a lift coefficient of 2.0 at a = 0° with drag trimmed at /3 V = 45° (maximum 
vane angle) and flap deflected. If the lift fans were cut off and covered, it would be neces- 
sary, as shown by the data in figure 9, to increase the angle of attack to about 5° in order 
to attain the lift needed for steady level flight. At that attitude the configuration would 
still be well below the stall angle of attack (about 10° below) and operating at an airspeed 
of about 120 percent of the stall speed. Although the transition could be accomplished 
with flap undeflected, the resulting stall margin would not be as great as that obtained with 
the flap deflected. For example, figure 20(d) shows that a lift coefficient of 1.0 at a = 0° 
would be obtained with drag trimmed at 0 V = 45° and flap undeflected. If the lift fans 
were cut off and covered, it would be necessary, as shown by the data in figure 8, to raise 
the angle of attack to about 9° in order to attain the lift needed for steady level flight. At 
that attitude the configuration would be at about 120 percent of the stall speed but would be 
only about 5° below the angle of attack for the stall. 

Longitudinal Stability Characteristics 

Figure 39 presents curves of the variation of model pitching moment with angle of 
attack for drag-trimmed test conditions through the transition speed range. The data, 
which were taken from figures 17 to 19, show that the model is neutrally stable or slightly 
unstable at low values of p and becomes longitudinally stable as p is increased. 
Comparison of figures 39(a) and 39(b) shows that flap deflection had no significant effect 
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on the longitudinal stability, and the data of figure 39(c) show the expected decrease in 
stability normally caused by the use of a smaller tail. 

The longitudinal stability of the model of reference 2 showed the same general 
trends as the model of the present investigation, but the data of reference 2 indicated that 
static longitudinal stability was achieved even with the tail off. It should be noted, how- 
ever, that even though the horizontal-tail area of reference 2 was comparable to that of 
the present model, the center- of- gravity location was farther forward (0.17c) than that 
of the present model (0.384c). 

Figures 40 to 43 present information pertinent to longitudinal stability and trim. 
Figure 40 shows the values of /3 V required for drag-trimmed flight over the transition 
speed range and also shows the values of C m which must be trimmed. Figure 41 shows 
the downwash angles at the horizontal tail as determined from the tail incidence required 
to produce the same pitching moment as that for the tail-off condition. Since the tail must 
produce a nose-down moment for trim, it is evident that a variable- incidence tail or other 
moment-producing device must be used. 

One possible stability problem that may be encountered when the horizontal tail is 
used to reduce the untrimmed values of pitching moment is discussed in reference 7 and 
illustrated in figure 42. The data at the top of figure 42(a) indicate the variation with air- 
speed of the untrimmed pitching moment (tail off) for various values of /3 V at an angle of 
attack of 0° and for a value of lift of 80 lb (355 N) at the forward speed corresponding to 
drag trimmed for each value of /3 V . The dashed line intersects each curve at the value 
of velocity for drag trimmed. As can be seen, positive increments of pitching moment 
are produced by an increase in speed from the drag-trimmed speed at constant power for 
each value of /3 V - As discussed in reference 7, if the configuration were trimmed with 
a device producing a moment which is invariant with airspeed (such as a reaction jet), the 
positive variations of moment with velocity indicate the configuration will be stable with 
respect to speed. On the other hand, if a horizontal tail is used to reduce the untrimmed 
pitching moments, increasingly negative pitching moments are produced by the tail with 
increase in airspeed. If the variation of the negative contribution of the tail to pitching 
moment with speed is larger than the positive variation of the tail-off configuration, speed 
instability will result. Tail contributions have been calculated and added to the tail-off 
data of figure 42(a) to give the tail-on characteristics shown at the bottom of the figure. 
For each value of /3 V , the largest tail incidence that could be used without stalling the 
tail was assumed in the calculations. These calculated tail- on data show that the resulting 
configuration is unstable with respect to speed. The data of figure 42(b) indicate that the 
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same situation exists for Sf = 40°. Speed instability combined with low values of angle- 
of-attack stability can result in dynamic longitudinal instability and poor flight charac- 
teristics as discussed in reference 7. 

Figure 43 shows the variation of downwash factor with fan exit- vane deflection as 

determined from tail- incidence tests. These data show that the value of 1 - for the 

da 

configuration with flaps deflected was approximately 0.5 which is considered normal for 
conventional airplanes. Figure 44 shows the variation of dynamic pressure at the hori- 
zontal tail for a = 0° as determined from 

q t c m it (power on) 

4 C mit (power off) 

These data show that the dynamic pressure at the tail was considerably less than the free- 
stream value at low speeds (low values of j3 v ) and was significantly higher than the free- 
stream value at high speeds (high values of /3 V ) but was generally within 20 percent of 
the free-stream value. 


Lateral-Directional Stability Characteristics 

Figure 45 shows the static lateral and directional stability through the transition 
speed range of the model with the two vertical-tail sizes. The plots were constructed 
from the data of figures 24 to 26 and show that the model was stable for all test conditions 
and that the small vertical tail (S v /S\y = 0.1 5) gives a degree of directional stability which 
has proved to be generally satisfactory in the past. 

Figure 46 shows the variation of the sidewash factor 1 - 4^ at the vertical tail 

& d/3 

with fan exit-vane deflection, the various values of /3 V corresponding to drag-trimmed 
flight at various speeds. These sidewash data were determined from the relative effec- 
tiveness of the vertical tail in sideslip and incidence; that is 


dg A %,v 


These data show aeseeasse sidewash at the tail and show that the sidewash was more aeb w rrfle 

tccuis 


when the flap* wsaie deflected. F or th e - comp let e mode l, howevery-t his ad ver se sidew ash 
gwd_^mflprpj^4 U.nw vprtir al-ta- i 1 - eff nctiv e nas s wpr e compensated to -some^extent because 
the modet-w as mu eh- iess-unstab 1 & with-the~tai l off th airm-ight- have been expeclecL__Tn 
factrTTwas a bout neulially stable with the taii -efL- 
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SUMMARY OF RESULTS 


Static force tests of a model of a transport-type V/STOL aircraft with six lift fans 
mounted spanwise in the wing yielded the following results: 

1. The model had an increase in lift with increasing airspeed in the transition speed 
range, the value of total lift reaching approximately twice the fan thrust. This increase 
in lift resulted mainly from the normal increase in wing lift with increasing speed, but 
there was also some induced lift on the wing as a result of fan operation. The induced 
lift was low, however; and the efficiency of the configuration was low in terms of the 
thrust required for level flight, or the span efficiency factor, in the transition speed 
range. 

2. Except for the lowest nominal tip-speed ratio tested, the model had static longi- 
tudinal stability for the drag- trimmed power condition over the transition speed range. 

3. The values of dynamic pressure and downwash factor at the tail in the powered- 
lift condition were approximately the same as those for conventional airplanes; that is, 
the dynamic pressure was generally within about 20 percent of the free-stream value, 
and the value of the downwash factor was about 0.5. 

4. For all tests with a vertical-tail area of 15 percent of the wing area, the model 
had a level of static lateral and directional stability which has proved generally satis- 
factory in the past. 

5. There was a d^flmodly adroroc sidewash at the tail, Lho value i of the sidewash 

fanffw i"»»v rrrT v> nv n i ty nbo 11 * n r thi-min-h f&Qst of. the tranf it<n r pp oo H — Thio adve r se 

side wash was compensated to a consid e rable extent, however, by th e basic stability of t he 

mr» Hnl irhMi-n.nn nhnnt neutrally cttal-Up vcithgr- than T.fith H ie Vertical |, JT I 

Langley Research Center, 

National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., December 8, 1969. 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF THE MODEL 


Fuselage: 

Length 

Cross-sectional area, maximum 

Wing: 

Area 

Span 

Aspect ratio 

Mean aerodynamic chord . . . . 

Tip chord 

Root chord 

Taper ratio 

Dihedral angle 

Thickness ratio 

Airfoil section 

Aileron (each): 

Chord 

Area 

Flap (each): 

Type 

Chord 

Span 

Fan: 

Diameter 

Exit- vane chord 

Number of vanes 


. . . 7.33 ft (223.4 cm) 

. 1.34 ft 2 (1244.9 cm2) 

13.85 ft 2 (12 866.6 cm 2 ) 
. . . 7.48 ft (228.0 cm) 

4.05 

. . . 1.89 ft (57.6 cm) 

. . . 1.39 ft (42.4 cm) 

. . . 2.32 ft (70.7 cm) 

0.60 

0° 

0.15 

NACA CYH 

.... 0.20 wing chord 

. 0.37 ft 2 (343.7 cm2) 

Single-slotted 

.... 0.30 wing chord 

Full 

. . . 0.667 ft (20.3 cm) 
. . . 0.092 ft (2.8 cm) 

9 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF THE MODEL - Concluded 


Small 


Vertical tail: 

Area 

Span 

Aspect ratio 

Root chord 

Tip chord 

Airfoil section 

Rudder: 

Chord 

Span 

Tail length, center of gravity to 
0.25 mean aerodynamic chord 

Horizontal tail: 

Area 

Span 

Aspect ratio 

Root chord 

Tip chord 

Taper ratio 

Dihedral angle 

Pivot position 

Airfoil section 

Elevator (each): 

Root chord 

Tip chord 

Span 

Tail length, center of gravity to 
0.25 mean aerodynamic chord 


2.08 ft 2 (1932.3 cm2) 
. . 1.60 ft (48.8 cm) 

1.23 

. . 1.63 ft (49.7 cm) 
. . 0.98 ft (29.9 cm) 
NACA 0012 

. . 0.29 ft (8.8 cm) 

. . 1.52 ft (46.3 cm) 

. . 3.10 ft (94.5 cm) 

3.46 ft 2 (3214.3 cm 2 ) 
. 3.80 ft (115.8 cm) 

4.18 

. . 1.17 ft (35.7 cm) 

. . 0.70 ft (21.3 cm) 

0.58 

0 ° 

0.25c 

NACA 0012 


0.35 ft (10.7 cm) 

0.21 ft (6.4 cm) 

1.86 ft (56.7 cm) 

. . . . 3.38 ft (103.0 cm) 


Large 

3.46 ft 2 (3214.3 cm 2 ) 
2.07 ft (63.1cm) 
1.23 

2.10 ft (64.0 cm) 
1.30 ft (39.6 cm) 
NACA 0012 

0.39 ft (11.9 cm) 
1.95 ft (59.4 cm) 

2.77 ft (84.4 cm) 

4.16 ft 2 (3864.6 cm 2 ) 
4.83 ft (147.2 cm) 
5.60 

1.17 ft (35.7 cm) 
0.55 ft (16.8 cm) 
0.47 
0 ° 

0.39 root chord 
NACA 0012 

0.35 ft (10.7 cm) 
0.21 ft (6.4 cm) 
1.86 ft (56.7 cm) 

3.43 ft (104.5 cm) 
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TABLE H.- INDEX TO BASIC DATA 


Type of data 

Figure 

f d/ f l 

6 f 

S v/ s W 

Sh/Sw 

h/c 

Fan thrust 

4 

Variable 

0° 

Off 

Off 

— 

— 


5 



4 





— 

— 


6 

> 

/ 

40° 

\ 



l 

— 

— 

Longitudinal 

8 

Power off 

0° 

0.25 

0.25 

Variable 


9 



40° to 60° 

Variable 

Variable 

4 

f 


10 

> 

/ 

0° 


4 

0.216 

Lateral- 

11 

... 

Power off 

0° 

Variable 

0.25 

0.216 

directional 

12 

* 

0° and 40° 

0.15 

4 

.904 

Longitudinal 

13 

Variable 

0° 

Off 

Off 

— 

— 


14 



O 

O 





— 

— 


15 



0° 





— 

— 


16 



O 

O 

\ 

f 

\ 

f 

— 

— 


17 



0° 

0.25 

0.30 

0.904 


18 



40° 

4 

4 




19 

> 

f 

'i' 


15 

.25 




20 

Trimmed 

0° 








21 

4 

O 

O 

\ 

f 

\ 

f 

> 


Lateral- 

22 

Trimmed 

0° 

Off 

Off 

— 

— 

directional 

23 


O 

o 

4 

4 

— 

— 


24 

0, -0.15, 0.15 

0° 

0.25 

0.30 

0.904 


25 



40° 

> 

|r 

4 




26 

> 

/ 

4 

. 

15 

.25 




27 

Trimmed 

0° 

.25 

# 

30 




28 



40° 

> 


I' 




29 





15 

.25 




30 



0° 








31 

> 

f 

40° 

> 

f 

> 


> 

f 


19 




(a) Three-quarter front view. 
Figure L- Model. 


L-67-7852 



(b) Three-quarter rear view. 
Figure 1.- Concluded. 


L-67-7853 








to 

4 ^ 



P v , deg 


Figure 4.- Variation of fan static thrust with fan exit-vane deflection, = 0°. 








(0 Py = 20°. 

Figure 5.- Continued. 
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(d) Py = 30°. 
Figure 6.- Continued. 
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-10 -5 0 5 10 15 20 25 


a, deg 

(c) Nominal m = 0.20. 
Figure 13.- Continued. 
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-10 -5 0 5 10 15 20 25 


a, deg 

(e) Nominal p = 0.31. 
Figure 13.- Concluded. 


45 







(c) Nominal \i = 0.20. 
Figure 14.- Continued. 
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Cm 2. 



a, deg 


(a) Nominal p = 0.10. 

Figure 17.- Variation of longitudinal aerodynamic characteristics with fan exit-vane deflection for various tip-speed ratios 

6f = 0°; S v /Sy\/ = 0.25; Sj^/Sw = 0.30; h/c = 0.904. 
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a, deg 


(e) Nominal p = 0.30. 
Figure 17.- Concluded. 
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(c) Nominal \i = 0.20. 
Figure 18.- Continued. 
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(d) Nominal m = 0.25. 
Figure 18.- Continued. 
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a, deg 


(e) Nominal p = 030. 
Figure 18.- Concluded. 
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(a) Nominal m = 0.10. 

Figure 19.- Variation of longitudinal aerodynamic characteristics with fan exit-vane deflection for various tip-speed ratios 

6f = 40°; S V /S W = 0.15; S h /S W = 0.25; h/c = 0.904. 





(c) Nominal (i = 0.20. 
Figure 19.- Continued. 
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8 
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45 

8 

.289 



a, deg 

(e) Nominal |i = 0.30. 
Figure 19.- Concluded. 
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C D 



a, deg 


(a) Py = 10°. 

Figure 20- Effect of horizontal-tail incidence on longitudinal aerodynamic characteristics for 8f = 0°. S v /Sw = 0.15- Sh/Sia/ = 0.25- 

h/c = 0.904; drag trimmed at a = 0°. ' 




5 10 15 20 25 


a, deg 

(b) py = 20°. 

Figure 20.- Continued. 
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a, deg 


(a) Drag trimmed at a = 0°. 

Figure 26 - Variation of static lateral-directional stability characteristics with angle of attack through transition speed range. 

6f = 40°: S v /S w = 0.15; S h /S W = 0.25; h/c = 0.904. 













(a) Drag trimmed at a = 0°. 

Figure 28.- Variation of lateral aerodynamic characteristics with sideslip angle. 6 f = 40°; S v /S w = 0.25; Sh/Sw = 0.30; h/c = 0.904. 
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(a) p v = 10°; nominal u = 0.14. 

Figure 31.- Effect of vertical-tail deflection on lateral aerodynamic characteristics. 5f = 40° ; S v /Sw = 0-15; Sh/Sw = 0.25; 

h/c = 0.904; drag trimmed at a - 0 . 








Figure 32.- Comparison of planforms of present model and model of reference 2 with sweepback adjusted to give same sweep of fan center lines. 
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P v . de 9 

Figure 46. - Variation of sidewash factor with vane deflection through 
transition speed range. Drag trimmed at a = 0°. 
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